The inconsistency of single-species objectives in a mixed-fisheries context has repeatedly been highlighted as a key issue in the current European Common Fishery Policy, and it has long been suggested that this issue would be better addressed through fleet (group of vessels) and métier (type of activity) -based approaches. Since the late 1980s, when such approaches were first introduced, there have been substantial developments in this area of science, to the point where the concepts of fleet and métier now underpin the whole EC Data Collection Framework. However, their implementation in the management system has been slow and difficult, being hampered by a number of intrinsic issues. Mixed fisheries are an ongoing "governance headache" combining management complexity, scientific uncertainty and political sensitivity. This paper summarises the current state of play for fleet-based approaches in EU fisheries management, and highlights our views on both their potential and the challenges they face in the context of the future CFP. As a convenient layer between the current single-stock level and the level of the individual vessel, fleet/metier-approaches could potentially address a wide range of issues, especially with regards to the policy emphasis on ecosystem-based fisheries management. However, the rigid categorisation they induce may not properly address the flexibility of individual vessels, and should therefore be supplemented by more detailed considerations at the local scale.
Introduction

23
The problem 24
There is a general understanding that mixed-fisheries aspects are a key issue in the traditional single-25 stock management approach, because of the evidence that catches of the various species are 26 interlinked due to technical interactions between different fleets and gears (Figure 1 ). In addition, 27 availability, abundance and economic attractiveness differ across species, adding to the complexity of 28 the problem. This issue is well illustrated by the demersal fisheries in the North Sea over the 2000s. 29
The North Sea cod stock had declined to a very low biomass while the stock of haddock, which to a 30 large extent is caught together with cod, had reached very high biomass levels (ICES, 2011b). Effort 31 reductions have been introduced through the successive European cod management plans (EC, 2004 32 and EC, 2008b), but the central management measure for these stocks has remained single-stock Total 33
Allowable Catches (TACs), which in practice have regulated landings rather than catches. One result 34 is that vessels may exhaust the cod TAC before the haddock TAC, and the subsequent cod catch may 35 then have to be discarded. Hence the cod TAC, despite being based on advice consistently intended to 36 reduce fishing mortality, has not achieved its intended conservation benefit (STECF, 2011a). 37
Bannister (2004) identified the mixed-species nature of the fishery, along with its international 38 dimension, as the two main factors contributing to the cod decline. 39
In theory, fleet-based approaches are valuable improvements to the current approach of managing 40
In parallel to the work undertaken within DCF, but without any linkages to it, métier-based effort 128 regulations have been enforced in European waters. Effort restrictions (days at sea) were first 129 introduced in 2003 to supplement TACs in areas covered by the cod recovery plan (EC, 2004) , and 130 have been updated annually since then. Subsequently, similar effort restrictions were introduced in 131 relation to southern hake and Nephrops, western channel sole and sandeel fisheries. Categories 132 (métiers) for days at sea limits were defined in terms of gear type and cod-end mesh size 133 combinations. 'Special condition' categories were also defined such that a vessel qualifying for such 134 status would be entitled to a greater number of days at sea than the default value for the same gear-135 mesh size group. 136 These categories are therefore quite different from the DCF métiers described above, and only limited 137 consideration has been given to this. Reeves et al. (2008) provided a useful overview on the processes 138 and scientific issues underlying these days at sea regulations. While the establishment of the DCF 139 involved an extensive and long scientific process based on available information, in contrast, the days 140 at sea regulations were designed and implemented over a very short period of time and without any7 clear scientific basis. Subsequently, sub-groups of the European Commission's Scientific, Technical 142 and Economic Committee for Fisheries (STECF) were tasked to evaluate the effects of these 143
regulations. This requires extensive compilation of effort and catch data, aggregated such that the 144 hierarchy of gear, mesh size and special condition status match those in the annual Council 145
Regulations fixing EU fishing opportunities and associated conditions in EU Community waters (see 146 for example STECF 2010a). These exercises proved to be difficult, time-consuming, error-prone and 147 inconsistent across EU Member States. A main reason is that the scientific data are collected following 148 DCF standards, while monitoring the days at sea management requires more detailed information of 149 gear descriptors, which are not usually available in the data provided to national scientific institutes.. 150
Furthermore, the implementation of the days at sea system led to strong protests from the fishing 151 industry questioning both its fairness and its basis. The system was implemented as a top-down 152 command and control system, and was conceived on the assumption that cod catches could simply be 153 reduced by reducing the cod-directed fishery. As cod is caught by most gears in the North Sea, most 154 demersal fisheries were affected by the system and the industry considered this conservation measure 155 to be neither efficient nor fairly shared. The protests pressured the Member States to exempt some of 156 their fleets. This resulted in increasingly detailed micromanagement, and an even more complex set of 157 regulations that basically changed every year (Table 1) . In 2008, the system was no longer considered 158 sustainable, controllable and effective by the EC, and a complete new approach for effort control was 159 agreed with Members States. This moved from limitations at the level of the individual vessel and 160 métier to limitations at the level of the Member States over broader gear/mesh size categories, thus 161 allowing for more flexibility. This system was implemented in 2009 (EC, 2008b), based on a reduced 162 number of categories, but with new mechanisms aiming at encouraging cod-avoidance behavior in the 163 fishing industry. STECF (2011a) conducted a detailed evaluation of that plan. The increased use of 164 incentives-based management was evaluated as a positive innovation, but it was also pointed out that 165 there was still little support from the industry towards the effort constraints induced by the plan. 166
Interestingly, the so-called incentives in the cod plan are in reality almost all negative in the sense that8 action to avoid cod will result in reductions in income (sub-optimal areas; loss of fish through changes 168 in selectivity), as will no action (reduction in fishing effort opportunities). Each business needs to 169 weight up the degree of loss associated with these negative choices, leading to a somehow unclear 170 perception of the incentivizing mechanisms and a difficult monitoring of their effects (Holmes et al., 171 2011, Needle and Catarino, 2011) . 172 3 A fundamental challenge: agreeing on basic definitions and 173 categorization.
174
The two initiatives described in section 2 are the most advanced attempts to implement operational 175 fleet-and métier-based approaches so far. They clearly illustrate the difficulties faced in practice and . 176 there is also a striking difference in the definition of métiers that have been used in these two cases. 177
The two processes have been conducted independently, illustrating the risks of mismatch occurring if 178 science is setting its agenda without a solid anchor to management rules, or if management regulations 179 are implemented without insuring that scientific support will have the ability to monitor and evaluate 180 their outcomes. This difference leads us to reflect on a fundamental issue in fleet-and métier-based 181 approaches, which relates to the basic difficulty of categorizing fishing activities. 182
Obviously, implementation of any fleet based approach requires the definition of management units 183 (fleets and/or métiers), as well as of quantifiable rules to populate fishing trips into métiers and fishing 184 vessels into fleets. The concepts of fleets and métiers are appealing as they offer a convenient and 185 valuable trade-off between reducing the complexity of the system into few tractable categories, while 186 maintaining sufficient information on its characteristics and dynamics. However, defining these 187 concepts has in itself been a primary hindrance to their operational implementation so far. It is not 188 simply, as we often hear, that things are not "clearly defined", it is more than that. Many of the 189 concepts we have to deal with in mixed fisheries are 'essentially contested concepts' (Gallie 1955) , 190 meaning that their definition always depends on the speaker's interest in how it is defined (Wilson and 191 Jacobsen, 2009 approaches analytically, and concluded that they could result in contrasting outcomes for a number of 216 fleets. Species assemblages cannot be easily defined from logbooks, since (1) as primary issue, 217 discards are usually not included in these analyses due to low sampling levels, and therefore the data 218 available provide an imperfect estimate of the actual catch compositions. This can furthermore be 219 biased by factors such as quota availability, market prices, traditions, etc, (2) species assemblage is an 220 outcome of the fishing action, but may not accurately reflect the true targeting intention of the fishers 221 due to imperfect knowledge of the underlying resource distribution, being therefore significantly 222 gear and vessel size, ICES, 2011b) or according to their fishing efficiency (Marchal et al., 2001 ). In 230 these cases, further work may be necessary to distinguish between the vessels belonging to one 231 management unit and area from one belonging to another, for example using revenues thresholds or 232 home port. 233
In conclusion, no unified methods have yet been agreed upon for the standard scientific definition of 234 fleets and métiers, despite a significant activity in this field. There is no easy solution to these issues 235 and problems, which are intrinsic to the categorization process. The only way forward is to increase 236 the regional and European collaboration in order to establish European standards which would be 237 agreed as supranational compromises (Deporte et al., 2012) . Defining regional métiers would also 238 reduce the needs for costly sampling at the national métier level, both by potentially reducing the 239 number of categories to the broader common and significant patterns (Deporte et al., 2012) , and by 240 promoting exchanges of biological samples across nations within unified categories. species and by-catch may be just as problematic to fishers. It is of no direct concern for stock 269 assessment whether mortality results from catching a targeted or non-targeted fish (unless this results 270 in unrecorded discard or inaccurate commercial CPUE indices). Therefore these concepts have not 271 been systematically investigated by fisheries scientists. NGOs are often more concerned by target and 272 by-catch issues. A clearer distinction between the two categories would make it easier to claim for 273 more selective fishing practices limiting unwanted by-catch. Fishers on the other hand aim at gaining 274 profit from the species assemblage that they harvest, and do not support assigning certain fish to by-275 catch categories that may be more subject to restrictions, unless there is a strong reason to do so 276 
310
The previous chapters have underlined the challenges linked to any implementation of fleet-based 311 approaches to management. However, these nevertheless bear great potential for improvements 312 compared to the current system. 313
New technologies for monitoring and modelling
314
As a counterpart to the many arguments above that would argue against the operational use of effort 315 control in fleet-based approaches, it is worth emphasising that rapid technological developments are 316 providing new monitoring tools, which increasingly address some of these shortcomings, and improve 317 the feasibility of the approach. For example (with regards to point ii) above), access to individual 
planning. 347
In conclusion, the landscape of fisheries and fleet-based science and technology is evolving rapidly, 348 opening for new usages and potentials. We have considered a number of these, which could contribute 349 directly to the objectives of the future CFP and MSFD. 350
Mixed-fisheries management plans
351
An increasing number of European stocks are being managed through long-term management plans 352 (LTMP). In many cases these plans are based on F-indicators resulting from single-stock assessments. 
STECF, 2011a). 380
To summarise, we believe that in spite of the implementation hurdles explained above, acknowledging 381 these mixed-fisheries issues and integrating these from the beginning in the design of the management 382 plans would be less risky than ignoring these. As mentioned in the introduction, integrated regional 383 approaches have long been acknowledged by the EC, but it is only now, in the frame of the current 384 reform of the CFP, that the consideration of fleet-based management plans is starting to take its entire 385 political dimension, and new developments in their design will emerge in the very near future. Indeed, 386 a STECF Expert Group is scheduled in 2012 to formulate suggestions for bringing the North Sea cod 387 management plan in its wider mixed-fisheries context (see also section 5.4 below), and this work 388 might yield useful learning. 389
Ecosystem-Based to Fisheries Management
390
Management of fisheries and marine resources is moving towards Ecosystem-Based Fisheries and 391
Marine Management (EBFM / EBMM) as anticipated by the EU MSFD. Spatial planning in particular 392
is coming increasingly into focus, and both ecosystem aspects and all types of anthropogenic impacts 393 on the marine environment have to be considered, within an integrated fisheries management 394 approach. Advice on impacts on non-target commercial species, but also on those other components of 395 the ecosystem that are impacted by fishing activities, is needed. In this respect, the incorporation of 396 fleet and fishery information provides a bridge between the traditional single species advice and the 397 ecosystem approach to fisheries management, by recognizing that fisheries can have a wider and 398 diverse range of impacts than just on the major target species ( This local complexity makes us believe that, while considering fleets-and métiers for EBFM is fully 415 relevant for defining objectives at a regional scale and monitoring trends in fisheries development, the 416 actual management implementation to achieve these objectives would potentially be more successfully 417 achieved by leaving it up to the individual actors to reach given results within this frame rather than 418 prescribing fixed rules to fixed groups. This idea is developed in the next section. 419
Results-based management
420
The European Commission has acknowledged that the current centralised and "one size fits all" 421 single-stock management might not account properly for the diversity of regional situations, 422 particularly with regards to mixed-fisheries interactions.. Hence, the development of regional 423 approaches to management might be encouraged in the future CFP (EC, 2011b). 424
One direction that is already promoted within the current CFP is the "results-based management" 425 (RBM) or "outcome-oriented management" (Holland, 2007) linked to a "reversal of the burden of 426 proof" so that the industry is responsible for demonstrating that it is in compliance with the limits that 427 have been set on its ecological impacts (Fitzpatrick et al., 2011) . A results-based management 428 approach envisions two complementary processes. One of these is the setting of management 429 objectives and corresponding limits on the environmental impacts that will be allowed for user groups. 430
In an ecosystem-based approach this process would mean developing operational constraints based on 431 limits set at government level. The second process is the development of exploitation plans that allow 432 the user groups to undertake economic activities while remaining within these limits. The latter of the 433 two processes is carried out by the user groups, in cooperation with scientists, and centred on meeting 434 the reversed burden of proof, i.e., how the industry will be monitored and held accountable for staying 435 within the set limits would have to be part of their plan. 436
One highly relevant benefit of RBM for mixed-fisheries management is the removing of the need for 437 precise and detailed fisheries definitions for prescriptive management; as they would be defined by 438 users themselves. Management measures proposed within the context of RBM are applied at the level 439 of local fishery or fleet segment, rather than at the level of the stock. Fleets and métiers will still have 440 to be defined in a political sense to define the groups entering into these contracts. Therefore, this setting the incentives right at the level of the vessel or group of vessels (Hilborn, 2007) . 472 Implementing RBM in Europe will not be easy, both with regards to implementation and enforcement 473 (Fitzpatrick et al., 2011) and evaluation (Holmes et al., 2011, STECF, 2011a) . RBM moves 474 evaluation away from writing detailed prescriptions for activities, but it also brings with it a new set of 475 problems. The environmental impacts have to be clearly defined, and this raises questions such as 476 defining both temporal and spatial definitions of these impacts. From a legal point of view reversing 477 the burden of proof is routed in the precautionary principle. The issue of "who must prove" cannot be 478 treated without looking at the issue of "what must be proved". Secondly, concerning compliance, 479 reversal of the burden of proof comes down to the industry having to foresee the instruments for 480 monitoring and reporting of fishing activities so as to allow for an effective control that the strategies 481 are implemented correctly. Uncertainty in the marine environment is high. In regulatory contexts that 482 uncertainly accumulates over a series of uncertain scientific decisions (Wilson 2009 ). Under RBM 483 precautionary limits on impacts must be identified with their related indicators, and translated into a 484 burden of proof that has to be met (and paid for) by the industry. While we use the term "industry", it 485 must be kept in mind that a very substantial portion of fishing enterprises in Europe are small 486 businesses taking place in vulnerable rural communities. Hence, there is a strong need to develop 487 methods by which the decrease of uncertainty is cost effective and possible for industry. 488
Summary and Conclusions
489
Stock-based management has the advantage that the units managed and advised upon are broadly 490 agreed upon in e.g. the European fishery system. Even though some stocks are not well defined as 491 actual biological stock units, they are not really questioned as robust advisory and management units 492 today. A fish belongs to a stock and does not change to another stock from time to time. As long as the 493 management system keeps focusing on allocation issues for a number of well-defined commercial 494 stocks, stock-based approaches present undeniable advantages in relation to monitoring, control and 495 sharing of resources. However, EBFM requires more comprehensive, integrated, multi-disciplinary 496 and detailed advice for an increasing number of ecosystem elements, even while the available data 497 supporting that advice are limited. It is difficult to see how stock based management alone could 498 provide this. 499
We believe that a better knowledge of the characteristics and dynamics of the various fishing activities 500 is an obvious and necessary move forward for achieving these new requirements, both for minimising 501 impacts on the ecosystem and ensuring the sustainability of the fisheries exploiting its multiple 502 components. The whole harvesting process cannot be simply reduced to a single fishing mortality 503 estimate that can be tuned in ecosystem-based marine models. Therefore broad conservation objectives 504 can only be reached through a proper understanding and management of the drivers and incentives of 505 the dynamics of the fishery. In this regard, fleet/metier-approaches represent an intermediate layer 506
between the current single-stock level and the level of the individual vessel, which can therefore be 507 used as a convenient and tractable way to define and evaluate management and conservation 508 objectives at the regional level. We have also shown that such fleet-based approaches may not be 509 necessarily best achieved through effort control due to the inherent issues linked to effort definition 510 and quantification, implying that output-based management with a proper control of catches rather 511 than landings (catch quota management, cf. www.fvm.dk/yieldoffish) may indeed be the most suitable 512 path in mixed-fisheries. 513
Recent history has however clearly shown how difficult it has been to implement such an approach to 514 management within a classical command and control system. Mixed fisheries management is a serious 515 political challenge for managers because questions of fairness among groups of fishers (and between 516 countries) arise more quickly than in any other set of fisheries management problems, and because of 517 the imperfect link between the inputs used for fishing and its outputs in terms of global ecosystem 518 impact. This explains why twenty years of development of management science in this field have not22 fully resolved the key definitions issues that were described here. A bottom line is that the 520 management and monitoring systems requires analytic and bureaucratic definitions of fisheries, but the 521 industry, and sometimes even the environment and marine ecosystems, may pay some real costs when 522 these definitions become overly detailed and restrictive. 523
There is neither quantitative nor qualitative answer to this issue of definition, and a beneficial way 524 forward is to work towards increased cooperation to establish agreed compromises. At first, it is 525 necessary that the different actors harmonise their views internally. On the scientific and management 526 side, the highest priority should be given to full consistency between the fleet /métier management 527 measures and the scientific data available to monitor and evaluate them. Progress in this direction is 528 encouraging. On the industry side, highest priority should be given to moving away from single-stock 529 management plans and towards integrated regional plans; and to agreeing on the qualitative categories 530 of fleets and métiers they would acknowledge as a relevant basis for management. From that, it might 531 then be possible to link the two, in that the qualitative categories empirically defined by stakeholders 532 may be crossed with the scientific data for quantification and modelling. The continued improvement 533 in the resolution of scientific data may contribute to this at the fine scale. Yet, even when the questions 534 of definitions and categories are resolved, fleet-based approaches to management may still have to be 535 robust and adaptive, rather than precise and prescriptive, because of the changing dynamics of the 536
system. 537
However, the fundamental issues that the imposition of pre-determined, generic categories poses at the 538 local level, with its evident risk of increased command and control micro-management, suggest that 539 these objectives may be potentially better achieved through results-based management. Here, local 540 actors are left with the flexibility to decide upon the optimal paths towards sustainability. Results-541 based management also allows the complex challenges of an EBFM to be structured hierarchically 542 from the regional stock level using fleet and métier concepts, to the local level of the fishery. This 543 suggests that in the EU, the current efforts towards fleet-based approaches to management should not 544 be decoupled from the other ongoing key issues, such as regionalization or the implementation of 545 rights-based management. We also believe that the current EC cod management plan (EC, 2008) , 546 while imperfectly designed and implemented so far (STECF, 2011a), is nevertheless a significant and 547 innovative step in this direction, in that it acts at different scales. This plan involves setting broad 548 objectives at the stock level, quantifying the impact of the various fleets and métiers and defining 549 limits to these, as well as encouraging responsible and results-based individual behaviour within fleet 550 segments independent of the activity of others. Improvements and further extensions of this innovative 551 approach are anticipated in the revised CFP (CEC, 2011b). 552 553
In conclusion, we underline that although the premises of fleets and métier-based approaches to 554 management were initiated twenty years ago, the main developments have occurred over the most 555 recent years . This has taken place within the scientific community through the DCF and a number of 556 large scale research projects investigating fleet dynamics, as well as the movement towards EBFM and 557 spatial planning. It has also taken place within the management system and with the stakeholders 558 through effort limitation systems. Therefore, experience and lessons are continuously being gained, 559 and the whole system is evolving rapidly towards improved consistency and cooperative management. 560
We hope that a mature stage will be reached in the near future. 561
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